Abstract. Paraneoplastic cerebellar degeneration (PCD) is a rare neurological complication of cancer characterized by rapid development of cerebellar ataxia. We herein present a case of a 67-year-old female patient with PCD caused by breast cancer. The patient presented with progressively worsening cerebellar deficits that had been misdiagnosed for several months prior to the identification of the anti-Yo autoantibodies in the serum. A whole-body positron emission tomography/computed tomography scan revealed a lesion in the lower outer quadrant of the left breast with slightly increased metabolism. On mammography, a lobulated high-density mass was identified in the left breast. The patient underwent left breast lumpectomy and the histological examination confirmed the presence of an invasive ductal carcinoma. After breast surgery, the patient exhibited marked neurological improvement at the 12-month follow-up. Therefore, it is crucial that clinicians include paraneoplastic neurological syndromes in the differential diagnosis of neurological disorders. The detection of characterized onconeural antibodies in the serum or cerebrospinal fluid may provide guidance in the search for an underlying tumor.
Introduction
Paraneoplastic neurological syndromes (PNS) are defined as remote effects of cancer involving the nervous system that are unrelated to the direct effects of the tumor and its metastasis, infection, ischemia or metabolic disturbance (1) . PNS are fairly rare, affecting <1% of patients with cancer, but may be severely debilitating due to the impairment of neurological functions (2) . The diagnosis of PNS may be challenging, as they may affect any part of the nervous system and may mimic any other neurological disorder. Clinicians should consider PNS in the differential diagnosis of neurological disorders.
The occurrence of antibodies directed against onconeural antigens expressed by both the tumor cells and the nervous systems indicates that the disorders may be mediated by immunological mechanisms (3, 4) . The possibility of the presence of an underlying tumor is highly associated with the type of antibodies identified (5) . Detection of the characterized onconeural antibodies may suggest the diagnosis of a neurological disorder as paraneoplastic and guide the investigation of the underlying tumor before it is clinically overt.
Paraneoplastic cerebellar degeneration (PCD) usually presents with an acute or a subacute onset of limb and trunk ataxia, dysarthria, dysphagia, diplopia and vertigo, and progresses rapidly within 3 months (6) . A variety of malignancies are commonly associated with PCD, including small-cell lung cancer, Hodgkin's lymphoma, breast cancer and gynecological malignancies.
We herein report the case of a female patient with PCD caused by breast cancer and present a review of the literature on the mechanisms, clinical characteristics, diagnosis and management of this disorder.
Case report
A 67-year-old woman was admitted to the Department of Neurology of the First Affiliated Hospital of Nanjing Medical University (Nanjing, China) with a 6-month history of progressively worsening dizziness and unsteadiness while walking, accompanied by nausea and vomiting. During hospitalization in our department, the patient's vital signs, including body temperature, heart rate, respiratory rate, blood pressure and oxygen saturation, were within normal limits. General physical examination, including breast examination, was normal. Neurological examination displayed dysarthria, bilateral gaze-evoked nystagmus, bilateral finger-nose ataxia, bilateral heel-shin ataxia, gait ataxia and positive bilateral Babinski sign. The results of routine laboratory tests were unremarkable and the serum tumor markers were within the normal range. Magnetic resonance imaging (MRI) of the brain did not reveal any remarkable abnormalities, apart from mild lacunar infarctions. The CSF analysis revealed slightly increased protein level, without oligoclonal bands. Electroencephalography revealed mild background slowing activity.
The initial diagnostic hypothesis was Wernicke's encephalopathy; however, there was no clinical improvement of the cerebellar symptoms despite the administration of thiamine. After excluding other potential causes of the neurological symptoms, a suspicion of PCD was raised. The serum was tested for characterized onconeural antibodies, including anti-Yo, anti-Hu, anti-Ri, anti-CV2, anti-Ma2 and anti-amphiphysin. A high titer of anti-Yo antibodies (1:1,000) was detected by indirect immunofluorescence assay and western blot analysis in the serum of the patient, which raised a high suspicion of breast and/or gynecological malignancy. Immunofluorescence assay and western blot analysis was conducted by EUROIMMUN Medical Diagnostics (China) Co., Ltd., (Beijing, China). Membrane strips containing electrophoretically-separated antigen extracts served as the solid phase. In the first incubation step, the specific antibodies in the diluted serum sample attach to the antigens coupled to the solid phase at room temperature for 30 min. In the second incubation step, the bound antibodies were incubated with AP-labelled anti-human antibodies (ab97162; 1:10,000; Abcam Cambridge, UK) at room temperature for 30 min. In a third step, the bound antibodies were stained with a chromogen/substrate solution capable of inducing a chromogenic reaction. An intense dark band at the line of the corresponding antigen appears if the serum sample contains specific antibodies. The intensity of the bands was automatically evaluated by the EUROLineScan program [EUROIMMUN Medical Diagnostics (China) Co., Ltd.]. Immunofluorescence was conducted using primate cerebellum and gut substrate [EUROIMMUN Medical Diagnostics (China) Co., Ltd.] as antigen substrates. Physically-or chemically-activated cover glasses coated with antigens were used as a solid phase. The specific antibodies in the diluted serum samples were incubated with the antigens coupled to a solid phase at room temperature for 30 min. Subsequently, the samples were incubated with fluorescein-labelled anti-human IgG secondary antibodies (ab6584; 1:500, Abcam) at room temperature for 30 min and visualized under a fluorescent microscope with an excitation wavelength of 493 nm. A whole-body positron emission tomography/computed tomography (PET/CT) scan revealed a 2.4x1.3-cm lesion in the lower outer quadrant of the left breast with slightly increased 18 F-fluorodeoxyglucose (FDG) uptake, as well as enlarged axillary and subclavian lymph nodes with mild FDG accumulation. Mammography revealed a lobulated high-density mass in the left breast (Fig. 1) . Subsequently, an ultrasound-guided breast biopsy was performed and the results of the histopathological examination revealed a ductal carcinoma. The patient underwent left breast lumpectomy, and the diagnosis following immunohistological examination was grade II invasive ductal carcinoma, negative for estrogen and progesterone receptor, and positive for HER-2 and Ki-67 (Fig. 2) . Pathologically, the tumor was classified as T2N0M0, stage IIA. After breast surgery, the psychiatric symptoms had improved at the 3-month follow-up, and the cerebellar symptoms, including dizziness and unsteadiness while walking, exhibited marked improvement at the 6-and 12-month follow-up visits. Overall, the patient exhibited a marked neurological improvement at the 12-month follow-up.
Discussion
PCD is one of the most common subtypes of PNS (3). Severe cerebellar symptoms with ataxia, dysarthria, dysphagia, vertigo, diplopia and nystagmus may appear abruptly or subacutely. The neurological syndrome progresses over weeks to months and then stabilizes on a very poor functional level, with patients unable to walk or perform fine motor movements.
In the early stages of the disease, the findings on brain MRI are usually normal, but cerebellar atrophy may develop later during the course of the disease (7). FDG-PET may reveal either hypometabolism or hypermetabolism, which represent cerebellar neuronal cell loss or an associated inflammatory response, respectively (8) . CSF analysis usually shows mild lymphocytic pleocytosis and increased protein content, along with other signs of inflammatory or autoimmune disease (7) . Autopsy reports show cerebellar atrophy with extensive loss of Purkinje cells in the cerebellar cortex, gliosis and inflammatory infiltrates (9) .
Several autoantibodies associated with PCD have been reported, including anti-Yo, anti-Hu, anti-Tr, anti-voltage-gated calcium channel, anti-Ri and antiCV2 (10) . Anti-Yo antibodies are most frequently detected in patients with cerebellar degeneration and breast or gynecological cancers (7) . A total of 62 cases of PCD were eventually identified and fully characterized between 1966 and 1990, of which 19 patients were anti-Yo-positive (11) . Recently, several PCD cases with positive anti-Yo antibody have been reported (12) . Anti-Yo antibodies target the Purkinje cells of the cerebellum, resulting in extensive Purkinje cell death. The underlying mechanism is generally considered to be an immunological response to cerebellar degeneration-related protein 2, which is ectopically expressed by tumor cells (13) . The presence of the autoantibodies in the serum of our patient raised a high suspicion of a breast and/or gynecological malignancy. The diagnostic studies, including radiological evaluation and histological examination, confirmed the presence of breast cancer and allowed for early clinical management of the patient.
According to the diagnostic criteria for PNS proposed by an international panel of neurologists in 2004, two levels of evidence are suggested to define such a neurological syndrome: 'Definite' and 'possible' (14) . The diagnostic criteria for definite PNS include a classical syndrome with well-characterized onconeural antibodies (anti-Yo, Hu, Ri, CV2, Ma2, or amphiphysin), or cancer that occurs within 5 years of the diagnosis of neurological symptoms. The term 'classic' syndromes refers to those neurological syndromes that are often associated with cancer. A clinical analysis of 55 anti-Yo antibody-positive patients demonstrated that, in the majority of the patients, the onset of PCD precedes the tumor diagnosis by months or even years (7); occasionally, carcinomas remain occult and are only detected on autopsy. The identification of a classic syndrome should prompt the screening for an underlying tumor. The panel defines the cerebellar syndrome as a classic syndrome based on the following criteria: Development of a severe cerebellar syndrome within 12 weeks, with no evidence of cerebellar atrophy on neuroradiological imaging, other than what would be expected by the patient's age. After excluding other known causes of the neurological syndrome, PNS should be considered in the differential diagnosis by the clinicians. Paraneoplastic antibodies should be detected in the serum or CSF, followed by a search for a primary tumor. PET/CT scans play a key role in the screening for the underlying cancer (15) . Our patient exhibited characteristics of a classic cerebellar syndrome. Along with the identification of anti-Yo antibodies and breast cancer, the present case meets the diagnostic criteria for definite PCD.
The limited clinical trials for treatment strategies have made it difficult to establish evidence-based therapeutic guidelines. Currently, the mainstream principles of treatment include oncological therapy and immunotherapy, which are empirically based on reports from cases series and cohort studies (16) . Early identification of the tumor and timely intervention enables stabilization or improvement of the neurological disorders. Patients receiving oncological therapy live significantly longer, regardless of the use of immunotherapy (10) . Immunosuppression or immunomodulation are crucial components of the treatment of PNS. Initial treatment options often include corticosteroids, intravenous immunoglobulin (IVIG) and plasma exchange. Second-line immunosuppression, including cyclophosphamide, cyclosporine and rituximab, may be used when there is no apparent improvement with initial treatments. It has been suggested that high doses of IVIG and steroids may be helpful when used in the early stage of PCD (17) . Another case series reported that a combination of IVIG, cyclophosphamide and methylprednisolone may stabilize the neurological condition in a minority of patients who are not severely disabled (18) . Our patient exhibited marked clinical and neurological improvement after the treatment of breast cancer.
In summary, PCD is a rare neurological complication of cancer and often precedes the diagnosis of the underlying tumor. We herein report the case of a patient with PCD who had been misdiagnosed prior to the detection of the anti-Yo autoantibodies, and was eventually diagnosed with breast cancer. The presence of characterized anti-onconeural antibodies in the serum or CSF can provide guidance in the search for an underlying tumor. Prompt identification and treatment of the tumor may help stabilize or improve the neurological disorder.
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